a Luminescent metallo-surfactants based on highly emissive dinuclear Re(I) complexes have been synthesized combining the peculiar photophysical behaviour of this class of neutral hydrophobic complexes with new properties imparted by hydrophilic chains anchored on the coordinated chromophoric ligand. In solution, the resulting neutral amphiphiles tend to self-assembly in soft structures. The aggregation properties have been thoroughly investigated in dioxane-water mixtures, where all the complexes assembly in globular-like supramolecular architectures with well-defined size (hydrodynamic diameter = 200-400 nm). The morphology of these nano-objects has been completely characterized with Dynamic Light Scattering (DLS) analysis, Scanning Transmission Electron Microscopy (STEM) and cryo-TEM to determine the size, polydispersity, and stability of the nanoparticles in relationship with the structure of the metallo-surfactants. The photophysical properties of both the isolated metal complexes and their aggregates have been investigated by means of UV-Vis absorption, steady-state and time-resolved emission spectroscopy. Noteworthy, the self-assembly properties of the reported luminescent rhenium metallo-amphiphiles can be modulated by solvent polarity. Even more importantly, such aggregation process yielded a small hypsochromic shift of the emission energy accompanied by a sizeable elongation of the excited-state lifetime and an enhancement of the photoluminescence quantum yield, reaching a remarkably high value of 0.20 despite the air-equilibrated aqueous condition. The presented findings endorse novel possibilities for the efficient use of soft-nanostructures based on metallo-amphiphiles in dual (electron and optical microscopy) bio-imaging applications and theranostics where the non-covalent nature of the intermolecular interactions would offer the powerful and unique possibility to reversibly assemble and disassemble imaging agents.
Introduction
Supramolecular structures formed by the self-assembly of smaller entities, either molecules or part of them, are attracting growing interest in several research areas such as chemistry, biology, biomedical engineering, nanochemistry, materials science and physics.
1 Indeed, self-assembled systems such as bilayers, liposomes, membranes, enzymes and DNA, to cite some, play a pivotal role for the correct functioning and evolution of biological entities. Self-assembly represents not only a fundamental research topic but also a very appealing and easier approach for the fabrication of ordered functional structures and materials, which otherwise would require longer and more classical covalent chemistry methods. The long-range order arising from the molecular self-organization is of great and growing interest as e.g. for improving some of the charge transport and emission properties of electro-active materials used in (opto)electronics, 3 or even allowing novel functions not present in the nonassembled parental components. In addition, self-assembled nano-materials can be functionalized for a wide range of applications spanning from biomedicine, e.g. diagnosis and sensing, 5 drug delivery, 6 regenerative medicine, 7 environmental science, 8 and catalysis. 8a,b,9 While supramolecular assembling of functional architectures in organic solvent is widely studied, 10 a comprehensive understanding and control of supramolecular entities in a more competitive and biological relevant environment such as water, towards the precise control of their morphology and properties, is still a challenge which requires careful molecular design. 11 To this respect, amphiphilic molecules are amongst the most powerful building blocks for promoting aqueousbased self-assembly. 12 Aiming at merging the rich physicochemical properties introduced by luminescent and electroactive metal complexes, with the amphiphilic features that can be imparted by organic moieties, namely metallo-surfactants, have also been investigated in recent years.
13
Properly designed luminescent transition metal complexes possess tunable emission color, high photoluminescence quantum yield and emitting excited states generated by spinforbidden transitions.
14 However, the long-lived luminescent triplet state represents a severe drawback in aerated solution conditions since the dioxygen can efficiently quench the emission under diffusion control. Therefore, for application in which oxygen-free condition cannot be achieved the use of phosphorescent metal complexes is often a problem rather than an advantage. 15 Finding ways to protect and shield such triplet excited-state from quenchers would blossom their efficient application in fields like bio-imaging and photo-catalysis. Most of the strategies applied to circumvent this problem rely on the creation of dendritic structures, 16 the encapsulation in solid nanoparticles 17 or isolation in porous materials.
18
A different approach is to allow the complexes to assemble into supramolecular structures, as for instance micelles or vesicles, by transforming them in metallosurfactant and favor isolation because of their self-assembly properties. which the metal-containing moiety represents the hydrophobic head. This is despite the fact that neutral complex would favor closer interactions and tighter packing than in the charged counterparts. Indeed, in the latter case a frustrated growth might take place as a consequence of the higher electrostatic repulsion, 21a,25 yielding to usually less stable aggregates.
Under certain conditions, once dissolved in water or in highly polar solvents these neutral amphiphilic complexes give rise to aggregates in which the polar organic tail is exposed to the solvent and the luminescent hydrophobic complex is embedded inside the core, thus providing assemblies with better emissive properties than the non-assembled parental components. Encouraged by our recent results on highly luminescent dinuclear rhenium complexes bearing diazine ligands and their application in bio-imaging 26 and organic light emitting diodes (OLEDs), 27 as well as by the striking aggregationinduced emission enhancement (AIEE) effect observed and deeply studied for some relative derivatives, 27c,28 we investigated the possibility to form self-assembled soft structures based on such complexes. To this end, we have designed nonionic dinuclear rhenium-complexes bearing polar and apolar pendants with different lengths. Herein, we report on the design and preparation of these molecules, jointly with the study of their self-aggregation under the steady increase of solvent mixture polarity and nonsolvent (water) content. Photophysical techniques are employed to demonstrate the gain in emission efficiency on going from the non-interacting (solvated) molecules to soft nano-aggregates. A combination of size and morphological analyses describes the obtained supramolecular nano-aggregates. As it will be hereafter shown, the length of both hydrophilic and hydrophobic moieties, the nature of the latter, and the modulation of the polarity of the solvent mixture have profound influence on the self-assembly process of the metallosurfactants and on the photophysical properties of the soformed nano-aggregates. In these novel derivatives, the welltailored aggregation process induces a strong enhancement of the photophysical properties, which represents, to the best of our knowledge, the first examples of neutral metallo-amphiphiles with unprecedently high photoluminescence quantum yield (PLQY) and few μs-long excited-state lifetime in aqueous air-equilibrated condition.
Such unique properties associated with the formation of soft nano-aggregates, together with the high electron density contrast offered by the self-assembled metallo-amphiphiles, will pave the way towards a novel set of efficient bimodal biological imaging agents with well defined morphological and better photophysical, and contrast imaging properties, 29 where the non-covalent nature of the intermolecular interactions would also offer the powerful possibility to reversibly assemble and disassemble functional molecules favouring internalization and draining.
Molecular design
The new rhenium(I) complexes 1-4 here investigated are sketched in Chart 1. They were designed to possess amphiphilic character in which the luminescent neutral dinuclear rhenium core represents the hydrophobic head, while the hydrophilic part is provided by the polar tail, either as a tri-or a tetra-ethylene glycol chain. Such two moieties, namely the rhenium complex and the hydrophylic chain, were linked together by means of a different lipophilic group (either an alkyl chain or a phenyl ring), which was varied in order to evaluate the effect of rigidity, steric hindrance and degree of lipophilic character onto the aggregation properties of the molecules as well as the photophysical and morphological features of the aggregates. In particular, compound 1 was designed to bear some resemblance to non-ionic surfactants of the Triton-X100 family. Complexes 2 and 3, bearing the same polar tail but different lipophilic alkyl substituents on the diazine ligand, were prepared to compare the aggregation properties of metallo-surfactants with those of compound 1, containing an aryl spacer. Finally, complex 4 was prepared, which only differs from 2 for the presence of an additional ethoxy unit, because it is known that the self-assembly properties of surfactants strictly depend on the delicate balance between polar and apolar moieties. Alkyl substituents were inserted in both the 4 and 5 positions of the diazine ligands in complexes 2-4, since it is known that this might result in dinuclear Re(I) complexes with much higher photoluminescence quantum yields. 27, 28, 30 The complexes were synthesized in the three-step procedure shown in Scheme 1 for 1 and Scheme 2 for 2-4. Further details can be found in the ESI. † At first, commercial alkynols were deprotonated with NaH and reacted with the tosyl derivatives of oligo-ethylene glycol monomethyl ethers according to the Williamson's S N 2 reaction. 31 The functionalized alkynes were used for the synthesis of the diazine-based ligands accordingly to the literature procedure which involves an inverse-type [4 + 2] Diels-Alder cycloaddition reaction between the electronpoor 1,2,4,5-tetrazine and an appropriate electron-rich dienophile, i.e. the functionalized alkynes, with N 2 loss. 32 Following our previously reported procedure, 30 the amphiphilic luminescent complexes 1-4 were prepared by refluxing [Re(CO) 5 Cl] with 0.5 equivalents of the corresponding 4,5-disubstituted-1,2-diazine in toluene solution. Finally, they were obtained as pure yellow-orange powders in high isolated yields after purification by column chromatography.
Results and discussion

Photophysical characterization of the monomeric species
Investigation of complexes 1-4 were performed in dilute (concentration = 1.0 × 10 −5 M) toluene solution where aggregation is expected to be negligible and the complexes to behave as solvated isolated monomeric species. The most relevant photophysical data are listed in Table 1 and the corresponding absorption and emission spectra displayed in Fig. 1 . The electronic absorption spectra of compounds 1-4 in toluene ( Fig. 1 , black traces) display low-energy broad band in the region between 330 and 450 nm that can be assigned to the Re 2 (δ)L(π) → L(π*) spin-allowed metal-to-ligand charge transfer, 1 MLCT, transition by comparison with parental derivatives 27,28,30 and mononuclear rhenium tricarbonyl complexes. 33 In particular, introduction of an aromatic substituent on the diazinic ring in compound 1 induces a bathochromic shift of a degree of 30-40 nm and a three-fold increase of the molar absorption coefficient (ε = 2.37 × 10 4 M −1 cm −1 at λ abs = 400 nm) with
Chart 1 Chemical structure and numbering of the amphiphilic rhenium complexes investigated.
Scheme 1 General schematic synthetic pathway followed for the preparation of the luminescent rhenium metallo-amphiphile 1. respect to complexes bearing alkyl substituents, namely 2-4 (ε = 7.3-7.7 × 10 3 M −1 cm −1 at λ abs ca. 360 nm) because of the presence of a more π-conjugated system. Upon excitation in the range 340-400 nm, all samples in toluene show rather intense broad and featureless emission at room temperature that falls in the green-yellow region of the visible spectrum and arises from an emitting excited state with mainly triplet MLCT character. 27, 28, 30 The photoluminescence spectra of compounds 1-4 are reported in Fig. 1 (red traces).
The origin of such very large Stokes shift (>8000 cm −1 ) observed for luminescent rhenium(I) tricarbonyl complexes has been already widely investigated elsewhere. 34 The emission profile recorded for compound 1 mirrors the behaviour observed for the corresponding absorption spectrum, since it displays a bathochromic shift of ca. 50 nm with respect to the emission maxima recorded for 2-4. This finding is consistent with the lower energy of the emitting excited state of complex 1, which bears a more π-conjugated system, when compared to that of the derivatives 2-4. Degassed samples of the complexes in toluene showed PLQY values as high as 0.22 for 1, and in the range 0.34-0.41 for the complexes 2-4 (see Table 1 ). Similarly to the parental complexes previously reported by our group, 27,28,30 the excited state lifetimes are in the range 4.1-4.3 μs for derivatives 2-4, while a slightly slower monoexponential decay kinetics (τ = 5.9 μs) is recorded for 1, as a consequence of the more extended delocalization which involves the phenyl ring present as spacer between the diazine ring and the oligo-ethylene glycol chain. Indeed, the lowest luminescent excited state is a 3 MLCT involving the diazine and the 3-phenyl substituted diazine for 2-4 and 1, respectively. Complexes 2-4 exhibit lower PLQY and shorter excited state lifetimes compared to the analogue compounds possessing shorter chains.
27b,c Such worse performance can be due to radiationless deactivations caused by the vibrational modes of both the long alkyl and the oligoethylene glycol chains. Indeed the radiative kinetic constants, k r × η ISC , (where η ISC ≈ 1 is the efficiency of the singlet-to-triplet intersystem crossing process) 35 by means of the relationship k r × η ISC = PLQY/τ, gave values in the range 0.8-1.0 × 10 5 s −1 which match rather well those observed for the non-pegylated complexes. 27, 28, 30 Going from fluid solution (room temperature) to 2-MeTHF glassy matrix at 77 K (Fig. 1, dashed red traces) , the photoluminescence spectra of 2-4 maintain the structureless profile with a concomitant hypsochromic shift of the maximum (ca. 50 nm) due to the so-called rigidochromic effect, 36 which arises from the increase in energy of the emitting 3 MLCT state less stabilized by the lack of solvent mobility, and a prolongation of the excited state lifetime, falling now in the range 27.3-28.8 μs.
On the other hand, for complex 1 the 77 K emission spectrum displays a hypsochromically-shifted profile with the clear appearance of a vibronic structure (λ em = 526 and 557 nm), indicating a larger contribution of the triplet-manifold ligand centred ( 3 LC) character to the emitting state. We expect that the presence of a larger conjugated ligand ( phenyl-diazine) possessing a lower energy level (LUMO), can favour equilibrium between the 3 LC and the 3 MLCT states. Indeed the destabilization of the MLCT in rigid matrix rise the energy of this state that can efficiently mix with the long-lived ligand centred triplet state. This hypothesis is corroborated by the fact that compound 1 shows a bi-exponential decay kinetics 
e Excitation wavelength at 405 nm, analysis wavelength at 530 nm for 1 and 500 nm for 2-4.
f Calculated with relative method using Ru(bpy) 3 Cl 2 as relative standard for 1 (PLQY = 0.04 in air-equilibrated water) and fac-Ir(ppy) 3 for 2-4 (PLQY = 0.97 in degassed 2-MeTHF). solutions at room temperature (λ exc = 400 and 380 nm, for 1 and 2-4, respectively) and emission spectra in 2-MeTHF glassy matrix at 77 K (λ exc = 400 and 380 nm, for 1, 4 and 2-3, respectively, red dashed traces). For all four derivatives, emission spectra are found to be independent of excitation wavelength.
with a short (τ 1 = 185 μs, 63%) and a longer (τ 2 = 685 μs, 37%) component.
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Aggregation study
Complexes 1-4 were carefully designed to display amphiphilic character due to the presence in the same molecule of an apolar head, namely the dinuclear rhenium complex with the alkyl chains, and a pendant oligo-ethylene oxide chain acting as the hydrophilic tail. Upon certain conditions, such amphiphilic nature is predicted to strongly induce self-organization of the phosphorescent molecules in solution. Different medium polarity and/or presence of solvent/non-solvent mixtures at variable ratio are expected to strongly influence aggregation properties and aggregates features. The formation of assemblies of complexes 1-4 is also expected to cause a change in the photophysical properties. In order to gain insights onto the aggregation properties of the oligo-ethylene oxide-containing neutral Re(I) surfactants, the photophysical properties of 1-4 have been thoroughly studied jointly with morphological analyses on freshly prepared samples in dioxane/water solvent mixture upon steady variation of the water content from 0% (i.e., pure dioxane) up to 95%. The use of a dioxane/water mixture, as the solvent and the non-solvent, respectively, is very convenient for two-fold reasons, in particular as (i) the miscibility of the two solvents is always complete at all desired ratios and (ii) the variation of the dielectric constant is almost linear within a wide range of dioxane/water compositions, allowing for a high degree of modulation and control of the polarity. 38 The concentration of complexes 1-4 has been kept constant (5.0 × 10 −5 M) over the whole investigation in order to directly evaluate only the effect of the variation in polarity onto the association equilibria. The most relevant photophysical data obtained in the different dioxane/water mixtures for the metallo-amphiphile 1 and 3 are summarized in Tables 2 and 3 , respectively, while the data recorded for the derivatives 2 and 4 are reported in Tables S1 and S2 of the ESI, † respectively. For compound 3, the absoption and emission spectra are displayed in Fig. 2, while those corresponding to complexes 1, 2 and 4 are shown in Fig. S1 , S2 and S3, † respectively.
It is important to note that, at the chosen concentration, all complexes 1-4 are found to be perfectly soluble in pure dioxane, where they can be reasonably consider as free monomeric species. Indeed, their spectral features (absorption and emission) and photophysical data, including lifetime and PLQY are comparable with those obtained in dilute toluene solution (see Tables 1 and 2 and black traces in Fig. 2 and S1-S3 of the ESI †). For all the derivatives, upon increasing water content up to 60% the variation of the maxima in both absorption and emission spectra can be simply ascribed to the increase of dielectric constant of the solvating media. 36a,37c Indeed, addition of water gives a hyspochromic shift of the 1 MLCT band in the absorption spectra (Fig. 2a for 3 , and Fig. S1a, S2a and S3a † for 1, 2 and 4, respectively), and a mirroring bathochromic shift of the emission maxima (Fig. 2b for 3 , and Fig. S1b, S2b and S3b † for 1, 2 and 4, respectively). The PLQY values remain at 1-3%, which are similar to those measured in pure solvent either dioxane or toluene. Likewise, for samples in such solvent mixtures the recorded lifetimes are also in the range of 0.4-0.5 μs, well corresponding to the radiative decay of the 3 MLCT excited state of the monomeric species in air-equilibrated condition.
As soon as water content exceeds 80%, drastic changes on the photophysical properties are observed. The absorption spectra display more intense bands with pronounced tails that extend in the visible region. These changes of the overall photophysical features seem to suggest the formation of aggregates in such solvent mixture. In fact, the presence of a higher baseline in the electronic absorption spectra is consistent with scattering processes, which can be ascribed to the formation of nanosized aggregates, never observed in samples with water content below 80%. Indeed, due to the amphiphilic nature of derivatives 1-4, it is reasonable to think that in a very polar environment, such as that corresponding to high water content, self-assembly processes occur in which the apolar dinuclear rhenium heads pack close to each other segregating from to the water molecule, while the more polar and hydrophilic oligo-ethylene glycol tails are solvated by water.
The formation of these assemblies causes important effects on the photophysical properties. The emission spectra are displayed in Fig. 2b for 3, and Fig. S1b, S2b and S3b † for 1, 2, and 4, respectively (see also Tables 2, 3 and Tables S1, S2 of the ESI †). In fact, formation of aggregates induces a hyspochromic shift of a degree of 15-30 nm of the photoluminescence spectral band, which can strongly support the idea that the emitting MLCT state, involving the metal complexes, experiences a less polar environment due to the tighter packing via the aggregation process, which thus prevents water to be in direct contact with the dinuclear rhenium heads.
Moreover, as a direct consequence of the efficient packing process and the low diffusion, if any, inside the aggregates, of dioxygen molecules the excited state lifetimes become much longer. Also, as expected the PLQY values sizeably increase up to 0.20 in air-equilibrated condition. Such results can be clearly ascribed to the lack of quenching by O 2 despite the triplet nature of the luminescent excited state and the increase rigidity of the assembly, in comparison with the monomeric species, that reduce radiationless deactivation pathways. The strong increase of the emission efficiency can be observed even by naked eye as shown in Fig. 3 for samples of the metallo-surfactant 3, and Fig. S4 -S6 † for 1, 2, and 4, respectively, in dioxane/water mixtures at different ratio upon UV irradiation.
As abovementioned, steady increase of the lifetimes and PLQY values observed for the metallo-amphiphiles 1-4 at higher water content has been obtained in air-equilibrated solutions. As proof of principle, and in order to evaluate the shielding of the tight aggregate from dioxygen quenching, solutions of compounds 1 and 3 at 10/90 dioxane/water ratio were carefully purged with argon for more than 30 minutes. As can be seen in Tables 2 and 3 , in air-equilibrated condition the complexes at 10/90 dioxane/water ratio possess a monoexponential decay with luminescence lifetime of 6.2 μs and 2.2 μs for 1 and 3, respectively. After deaeration, the samples show only a small increase of the excited-state lifetimes (8.7 and 3.1 μs for 1 and 3, respectively). This finding suggests the effective shield towards the external environment and the strong gain in terms of emission efficiency that can be easily achieved by exploiting the supramolecular self-assembling of triplet-manifold luminophores.
In order to further confirm the presence of luminescent aggregates based on the metallosurfactants here reported and to deeper investigate the size and morphology of such soft supramolecular aggregates, we have performed dynamic light scattering (DLS) and electron microscopy analyses on the same samples previously investigated by using photophysical techniques. The DLS results are shown in Fig. 4 for derivative 3-4 at 10/90 and 5/95 dioxane : water content and the size and polydispersity listed in Table S3 of the ESI † for all the derivatives.
For all the investigated compounds, DLS data obtained for samples with high water composition, typically above 80%, showed particles sizes with averaged hydrodynamic diameter between 130 and 460 nm, consistent with formation of either vesicular or globular assemblies. 39 In addition, we did not notice any degradation and assemblies resulted stable for several hours in the dioxane/water mixtures. As it can be observed, the particle size and distribution are strongly dependent on the amount of water present in solution for all the investigated complexes. In particular, (i) at water content between 0-60% no DLS signal corresponding to the formation of aggregates has been recorded for the whole series of compounds 1-4 (until 80% water for 3), in nice agreement with the spectroscopic data discussed above; (ii) when the water content exceeds to some little extent the threshold value needed for formation of aggregates (i.e., at 80% water for metallo-surfactant 2 and 4) the samples display a rather nonhomogeneus distribution of sizes of the aggregates, as demonstrated by the values of the polydispersity index, PDI, obtained by DLS (see Table S3 of the ESI †). Such findings matches rather well the bi-exponential decays obtained for the same samples during the photophysical measurements (vide infra); (iii) as the amount of water is in larger excess with respect to the dioxane fraction and reaches values above 90%, the particle sizes tend to reach a narrow monomodal distribution (see Fig. 4 , solid traces), compatible with more defined and homogeneous assemblies; finally, (iv) when the water content is as high as 95%, the size of the nano-aggregates becomes smaller and narrower with respect to 90% water content, as suggested by the smaller hydrodynamic diameter (see Fig. 4 ). The latter effect can be explained taking into account polaritydriven interactions and an increased hydrophobic effect experienced by the apolar heads at such very high water content. A tighter packing of the neutral metallo-surfactants reduces the surface exposed to the highly polar water-rich environment, thus minimizing repulsive interactions. Overall, the largest and smallest hydrodynamic diameter measured for the 95% water content samples is 295.2 ± 105.5 and 135.6 ± 26.2 nm, respectively, for aggregates formed upon solventinduced self-assembly process of metallo-surfactant 3 and 4, respectively.
Formation of ordered soft nanostructures is also confirmed by STEM analysis of drop-casted 10/90 dioxane/water solutions containing metallo-amphiphiles 1-4 at concentration of 1.0 × 10 −4 M and after further dilution 1 : 1 with methanol. Fig. 5 displays representative STEM images obtained for these samples. Electron microscopy analyses clearly revealed the formation of soft nano-sized aggregates. In particular, in the case of derivative 1, spherical aggregates with homodisperse size distribution can be observed displaying an average diameter of about 300 nm. As far as derivative 2 and 4 are concerned, soft structures with diameters in the same order can be generally observed, even though a minor amount of either smaller or amorphous structures is also present. Finally, comparable with the DLS results, compound 3 displays vesicular or globular structures with larger diameter sizes with measurable average values around 400 nm. As a further proof of the formation of nano-sized soft architecture based on the here reported neutral metallo-amphiphiles, we performed darkfield STEM analysis on samples of derivative 1. As it can be seen in Fig. S7 of ESI, † the white colour observed undoubtedly demonstrates the presence of heavy rhenium atoms inside the observed nano-structures.
Finally, in order to gain insights onto the aggregates' morphology transmission electron microscopy imaging at cryogenic temperature (cryo-TEM) was carried out on samples of metallo-amphiphile 1 and 3 at concentration of 1.0 × 10 −4 M in 10/90 dioxane/water. The micrographs, which are displayed in Fig. 6 , confirm the formation of nanosized aggregates with core-shell structural organization corresponding to complex globular-like micelles, in which the inner core is characterized by higher electron density as consequence of accumulation of the heavy atoms-containing apolar heads. Overall, from the combination of the results obtained by means of photophysical techniques and morphological analyses we can argue on the structure-properties relationship and in particular on the aggregation capability of metalloamphiphiles 1-4. We have demonstrated that a similar aggregation tendency can be observed for compounds 2 and 4, since their molecular structures only differ for the presence of an additional ethylene oxide unit in 4 in comparison to 2 (four vs. three units, respectively). For both complexes, aggregation begins at 80% water content and the formed soft structures display a large variability of size also upon increasing water content up to 95% as supported by the bi-exponential lifetime decays, poor monodispersed distribution observed by DLS and presence of a non-negligible amount of amorphous structures observed by STEM. This behaviour can be probably ascribed to the higher mobility of the chains featuring high degree of conformational freedom, and the rather short length of the chains that prevents the stabilization of the soft structures.
On the other hand, as far as the derivative 3 is concerned, formation of aggregates can only be observed if water content reaches values above 90% (see Tables 3 and S3 †) . The reason can be likely related to the presence of the shorter apolar alkyl chain (i.e., -CH 2 CH 2 -) that reduces the overall hydrophobicity of the apolar head by comparison with compounds 1, 2, and 4. The hydrophilicity/hydrophobicity ratio is indeed expected to strongly influences the self-assembly properties of metalloamphiphiles. Nonetheless, soft-structures made by 3 seems to be the largest ones observed within the 1-4 series due to the presence of a shorter linking -CH 2 CH 2 -chain, which reduce the amount of van der Waals forces and hydrophobic effect needed for the assemblies formation. This finding can be likely ascribed to the steric hindrance exerted by the larger ethyl group present in the fifth position of the diazine ligand, which may actively determine a different supramolecular organization as a consequence of the different molecular packing parameters. However, such differences are beneficial for the packing as reflected in the photophysical properties of the assemblies obtained with 3 that showed the highest values of PLQY (see Table 3 ).
The best results in terms of packing capability, defined as the amount of water needed for the formation of the aggregate and homogeneity and compactness of the assemblies, is attained for metallo-amphiphile 1. This efficiency seems to rely on the very different structural composition of this compound with respect to 2-4. Indeed, the presence of a phenyl group has interesting consequence on the energy and excited state of the emissive state (see above) but also could favour intermolecular stabilization because of the π-π interactions. Indeed, the photophysics of the aggregates for this complex is particularly interesting since despite the hypsochromic shift the emission is still quite low in energy and the excited state lifetime is the longest and more than three-fold longer than the analogous systems that does not posses the phenyl substitution, e.g. complex 3. Interplay of rigidity, conjugation and intermolecular interactions could therefore promote better supramolecular packing.
Conclusions
In conclusion, a series of novel neutral metallo-surfactants based on luminescent dinuclear rhenium complexes is reported and the self-assembly properties thoroughly investigated by means of different photophysical and morphological techniques upon variation of the solvent/non-solvent ratio. It has been found that all the derivatives self-aggregate in dioxane/water mixture at water content higher than 80%. Interesting correlations between the chemical structure of the complexes and their self-organization into well defined and homodisperse soft aggregates are found. The assembly process yields to a strong increase of the PLQY up to 0.20 in air-equilibrated condition. Such values are very close to those recorded for samples of the self-assembled derivatives in Ar-purged condition. Importantly, a concomitant prolongation of the excited state lifetime is achieved, suggesting a strong shielding of the emitters from the environment once the supramolecular assemblies are formed. All these findings will pave the way to the use of neutral luminescent metallo-surfactants in dualimaging applications, in which high PLQY and high electron density contrast are simultaneously needed. 
